ABSTRACT RXJ0848.6+4453 (Lynx W) at redshift 1.27 is part of the Lynx Supercluster of galaxies. We present an analysis of the stellar populations and star formation history for a sample of 24 members of the cluster. Our study is based on deep optical spectroscopy obtained with Gemini North combined with imaging data from Hubble Space Telescope. Focusing on the 13 bulge-dominated galaxies for which we can determine central velocity dispersions, we find that these show a smaller evolution with redshift of sizes and velocity dispersions than reported for field galaxies and galaxies in poorer clusters. Our data show that the galaxies in RXJ0848.6+4453 populate the Fundamental Plane (FP) similar to that found for lower redshift clusters. The zero point offset for the FP is smaller than expected if the cluster's galaxies are to evolve passively through the location of the FP we in our previous work established for z = 0.8 − 0.9 cluster galaxies and then to the present day FP. The FP zero point for RXJ0848.6+4453 corresponds to an epoch of last star formation at z form = 1.95
INTRODUCTION
Recent results regarding stellar populations and sizes of galaxies at redshifts above one indicate that the redshift interval z = 1 − 2 spans the epoch during which major changes of galaxy properties took place. Some time during this epoch, the galaxy sizes change by a factor 3-5 (e.g., Toft et al. 2009 Toft et al. , 2012 Newman et al. 2012; Cassata et al. 2013; van der Wel et al. 2014) , major and minor merging takes place, triggering starbursts that then get quenched through processes as strangulation and ram-pressure stripping as the galaxies enter the dense environments of the cluster cores (Grützbauch et al. 2011; Quadri et al. 2012; Koyama et al. 2013) . This results in the massive (Mass > 10 11 M ⊙ ) passively evolving galaxies being in place by z ≈ 1, while the lower mass galaxies continue to be added to the passive population as late as z = 0.5 (e.g., Sánchez-Blázquez et al. 2009 ). Massive clusters of galaxies have recently been found to redshift z ≈ 2 (e.g., Stanford et al. 2012; Gobat et al. 2013) . The current studies of these clusters are based primarily on photometry and limited redshift information, as very little high signal-to-noise spectroscopy exists of clusters galaxies with z = 1 − 2. However, the results have raised a number of questions fundamental to our understanding of galaxy evolution as it takes place in dense ijorgensen@gemini.edu, kchiboucas@gemini.edu sune@dark-cosmology.dk, marcelbergmann@gmail.com andrewzirm@gmail.com, R.P.Schiavon@ljmu.ac.uk ruthregenborgen@gmail.com environments:
1. At which epoch does the main size and structure evolution of cluster galaxies take place, and how is it linked to cluster properties (density, mass, virialization) and galaxy mass? Results at z = 0.9 (Jørgensen & Chiboucas 2013 ) and for z = 1.6 − 2.1 protoclusters Papovich et al. 2012; Strazzullo et al. 2013) suggest that the size evolution may be accelerated in dense cluster environments. However, Newman et al. (2014) in a study of a cluster at z = 1.8 find no difference between cluster and field galaxy sizes at this redshift.
2. When do the first low mass (Mass < 10 11 M ⊙ ) galaxies populate the Fundamental Plane (FP) of passive galaxies (Djorgovski & Davis 1987; Jørgensen et al. 1996) as we observe it at z < 1? The prediction from our results for z < 1 clusters is that the low mass end of the FP is being populated at z ≈1-1.5, while ages from the Balmer lines indicate a much earlier epoch for this process (Jørgensen et al. 2006 (Jørgensen et al. , 2007 Jørgensen & Chiboucas 2013) . Studies of stellar populations in cluster galaxies at z > 1 are needed to resolve this issue.
3. At which epoch and cluster density are the starbursts quenched leading to a large fraction of post-starburst galaxies, and subsequently to passive galaxies? Results for protoclusters at z ≈ 2 show that the main transfor-mation must happen at z = 1 − 2 and depends on galaxy mass (Quadri et al. 2012; Koyama et al. 2013 ) and possibly also on the cluster environment (Tanaka et al. 2013) .
Imaging data and deep spectroscopic data of cluster galaxies at z ≈ 1 − 2 make it possible to address these questions in detail. With the installation of the red sensitive E2V Deep Depletion Charge-Coupled-Devices (E2V DD CCDs) in the Gemini Multi-Object Spectrograph on Gemini North (GMOS-N) it is now possible to obtain such spectra in the rest-frame blue and visible of galaxies up to z ≈ 1.3. See Hook et al. (2004) for a detailed description of GMOS-N. For galaxies at higher redshift, such observations are becoming feasible with near-infrared multi-object spectrographs, e.g., the K-band Multi-Object-Spectrograph (KMOS) on the Very Large Telescope.
We have undertaken a project to obtain such deep spectroscopic observations of rich galaxy clusters at z = 1 − 2. In this paper we present the results from our first observations, addressing the outlined questions using new high signal-tonoise (S/N) spectra in the rest frame 3500-4400 Ångstrom for individual galaxies in the cluster RXJ0848.6+4453 (Lynx W) at z = 1.27. We analyze the spectroscopic data together with available Hubble Space Telescope (HST) imaging of the cluster obtained with the Advanced Camera for Surveys (ACS) in the filters F775W and F850LP.
The observational data are described in Section 2 and in the Appendix. In Section 3 we establish the cluster redshift and velocity dispersion as well as cluster membership for the observed galaxies. We also discuss mass of the cluster compared with masses of the other clusters included in the analysis. Section 4 gives an overview over the methods and models used in the analysis and defines the sub-samples of galaxies, which we refer to throughout the presentation of the results and the discussion. Our main results regarding evolution of size and velocity dispersions as well as stellar populations are described in Section 5. In Section 6 we discuss these results in the context of other recent results for galaxies at z > 1 as well as simple models for the evolution with redshift. The conclusions are summarized in Section 7.
Throughout this paper we adopt a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
2. OBSERVATIONAL DATA 2.1. Imaging of RXJ0848.6+4453 Ground-based imaging of RXJ0848.6+4453 was obtained primarily to show the performance gain provided by the replacing the original E2V CCDs in GMOS-N with E2V DD CCDs. This replacement was done in October 2011. Imaging of RXJ0848.6+4453 was obtained with the original E2V CCDs in October 2011 and repeated with the E2V DD CCDs in November 2011 (Table 1) . For the results presented in this paper we made use of the imaging for the mask designs for the spectroscopy and to illustrate the spectroscopic sample ( Figure 1 ). The imaging was done in the z ′ filter. For the observations with the original E2V CCDs the total exposure time was 60 min (obtained as twelve 5 min exposures) and the co-added image had an image quality of FWHM=0.52 arcsec measured from point sources in the field. For the E2V DD CCDs a total exposure time of 55 min obtained and the resulting image quality was FWHM=0.51 arcsec. As HST/ACS imaging in two filters is available of all galaxies in the spectroscopic sample, no other use is made of the ground-based imaging. Table 2 summarizes the HST/ACS data for the two fields used in this paper. Data are also available for a third field, covering Lynx E. However, as none of our spectroscopic sample galaxies are within that field these data are not used in the present paper. We also do not use the shallower imaging obtained for HST program ID 10496.
The HST/ACS data were processed as described in Chiboucas et al. (2009) , using the drizzle technique (Fruchter & Hook 2002) . The images were then processed with SExtractor (Bertin & Arnouts 1996) . Total magnitudes z tot,850 were derived from the F850LP imaging. Aperture colors (i 775 − z 850 ) were derived within an aperture with diameter of 0.5 arcsec. We used GALFIT (Peng et al. 2002) to fit r 1/4 profiles and Sérsic (1968) profiles to the galaxies in the spectroscopic sample and derive effective radii, magnitudes and surface brightnesses. This processing was done for the observations in F850LP only. The effective radii in Table 10 are derived from the semi-major and -minor axes as r e = (a e b e ) 1/2 . The difference between the effective radii derived from the fits with the r 1/4 profiles and Sérsic profiles as expected correlates with the Sérsic index, see details in the Appendix. The median uncertainty on the Sérsic index is 0.1, with a few values up to 0.7 for galaxies with best fit indices larger than 4. As the Sérsic fits and indices in this paper are used primarily for selection of the bulge-dominated galaxies, these uncertainties do not affect our results significantly.
The photometry is calibrated to the AB system using the synthetic zero points for the filters, 25.654 for F775W, 24.862 for F850LP (Sirianni et al. 2005) . Galactic reddening in the direction of the cluster is E(B-V)=0.024 (Schlafly et al. 2011) , which gives, A i775 = 0.046 and A z850 = 0.034. The photometric parameters derived using SExtractor and GALFIT are listed in the Appendix, Table 10 .
The photometry was calibrated to rest frame B-band. The calibration was established using stellar population models from Bruzual & Charlot (2003) as described in Jørgensen et al. (2005) . The calibration is given in the Appendix.
Spectroscopy of RXJ0848.6+4453
The spectroscopic observations were obtained in multiobject spectroscopic (MOS) mode with GMOS-N, see Table 1 for the dates of the observations. The sample selection is based on the photometry from the HST/ACS imaging. Figure 2 shows the color-magnitude (CM) relation for the field. Galaxies were selected to maximize the coverage along the red sequence from the brightest cluster galaxy (BCG) to z tot,850 ≈ 24.5 mag. The triple merger (red star on Fig. 1 ), which is considered the BCG, was not included in the observations. This decision was made in part because it would eliminate another known bright cluster member from the mask and in part because the angular separation of the components is only ≈ 0.5 arcsec making it very difficult to separate them in ground-based spectroscopy obtained in natural seeing. Priority was given to galaxies within 0.1 mag of the CM relation in (i 775 − z 850 ) versus z tot,850 . Additional space in the mask was filled with galaxies with (i 775 − z 850 ) > 0.5 and z tot,850 in the interval from 21 mag to 25 mag. Some of these turned out to be blue cluster members. The spectroscopic sample is marked on Figures 1 and 2 . Two blue stars were included in the mask in order to obtain a good correction for the telluric absorption lines. The blue stars are also marked on Figure 1 . Dark green triangles -confirmed non-members. Purple triangles -targets for which the spectra do not allow redshift determination. Green diamonds -blue stars included in the mask to facilitate correction for telluric absorption lines. Red star -the brightest cluster galaxy (BCG), not part of our spectroscopic sample as it has a triple core, see text. The approximate location of two HST/ACS fields are marked with black lines. Table 3 gives an overview of the obtained spectroscopic observations, while Table 4 summarizes the instrument parameters for the observations. After the initial observations from program GN-2011B-DD-5 non-members identified from those observations were eliminated in the mask made for program GN-2013A-Q-65 and other potential members were included instead using the same selection criteria as used for the original mask.
The spectroscopic observations were processed using the methods described in detail in Jørgensen & Chiboucas (2013) . The only exception was the handling of the charge diffusion effect, which for the E2V DD CCDs turns out to have a spatial dependence in addition to variation with wavelength. The adopted correction is described in the Appendix.
The data processing results in 1-dimensional spectra calibrated to a relative flux scale. The spectra were used to derive redshifts, and for those targets with sufficient S/N, velocity dispersions and absorption line strengths. The spectroscopic parameters were determined using the same methods as described in Jørgensen et al. (2005) . In particular, the redshifts and velocity dispersions were determined by fitting the spectra with a mix of three template stars (spectral types K0III, c Median instrumental resolution derived as sigma in Gaussian fits to the sky lines of the stacked spectra. The second entry is the equivalent resolution in km s −1 at 4000Å in the rest frame of the cluster. d The first entry is the rectangular extraction aperture (slit width × extraction length). The second entry is the radius in an equivalent circular aperture, rap = 1.025(length × width/π) 1/2 , cf. Jørgensen et al. (1995b) . e Median S/N per Ångstrom for the 24 cluster members, in the rest frame of the cluster. G1V, and B8V) using software made available by Karl Gebhardt (Gebhardt et al. 2000 (Gebhardt et al. , 2003 . The galaxies that were found to be members of the cluster were fit in the wavelength range 3750-4100Å. Table 11 in the Appendix gives the results from the template fitting. The velocity dispersions were aperture corrected using the technique from Jørgensen et al. (1995b) . Of the 52 targets observed, 24 turned out to be members of the cluster. Of these 19 have velocity dispersion determined. The median S/N of these is 18 per Ångstrom in the rest frame (see Table 11 for the S/N of the individual spectra). Velocity dispersions were determined for 10 non-members, see Table 11 . We assessed the possible systematic errors on the derived velocity dispersions resulting from the determination of the instrumental resolution, the adopted telluric correction, and the sky subtraction. None of these sources cause systematic errors that affect our results significantly, see Appendix for details. The spectra allow determination of following absorption line indices: CN3883, CaHK, D4000, and Hζ A . The indices CN3883 and CaHK are defined in Davidge & Clark (1994) . For D4000 we use a shorter red passband than usually used (Gorgas et al. 1999 ) but calibrate our measurements to be consistent with the conventional definition of the index, see Appendix for details. For the high order Balmer line index Hζ A we adopt the definition from Nantais et al. (2013) . All measured indices are listed in Table 12 in the Appendix.
For galaxies with detectable [O II] emission the strength of the emission line was determined both as a (relative) flux and as an equivalent width (Table 12 ). Due to the very weak continuum of some of the emission line galaxies, the equivalent widths in some cases have very large uncertainties. . green open triangles -confirmed nonmembers; purple open triangles -galaxies for which the obtained spectra do not allow redshift determination; small black points -all galaxies in the field. Red line is the best fit to the 16 member galaxies with (i 775 − z 850 ) ≥ 0.8: (i 775 − z 850 ) = 0.969 − (0.028 ± 0.024)(z tot,850 − 22.5) with rms=0.073.
The [O II] emission makes it possible to determine the star formation rates (SFR), under the assumption that the line is due to star formation only. We have examined the spectra for the presence of the two neon lines [Ne V]3426Å and [Ne III]3869Å. The line [Ne V]3346Å is at the cluster redshift too close to strong telluric absorption to be reliably detected. These are the only strong lines originating from active galactic nuclei (AGNs) that are in the covered wavelength region (e.g., Schmidt et al. 1998; Mignoli et al. 2013) . Only ID 2063 have detectable Ne emission. We proceed to determine the SFR from the [O II] line and flag ID 2063 in the relevant figures in the analysis of the data.
Data for other clusters
In the analysis we use our data for the z = 0.5 − 0.9 clusters published in our previous papers (Jørgensen et al. 2005; Chiboucas et al. 2009; Jørgensen & Chiboucas 2013) . These papers present ground-based spectroscopy and HST/ACS imaging of MS0451.6-0305 (z = 0.54), RXJ0152.7-1357 (z = 0.83), and RXJ1226.9+3332 (z = 0.89). Further, we use our data for Coma, Perseus and Abell 194, (Jørgensen et al. 1995ab, 1999 Jørgensen & Chiboucas 2013) , as our z ≈ 0 comparison sample. Table 5 summarizes the cluster properties for all the clusters. The samples in all clusters are selected consistently. Except for MS0451.6-0305, the passbands used for the determination of the effective parameters correspond roughly to rest frame B-band, as is the case for the RXJ0848.6+4453 observations presented in this paper. MS0451.6-0305 was observed in F814W, which at z = 0.54 is close to rest frame V-band. Thus, if the color gradients the MS0451.6-0305 galaxies are similar to those in nearby earlytype galaxies, typically ∆(B−V )/∆ log r ≈ −0.04 (e.g., Saglia et al. 2000) , then the effective radii derived from F814W can be expected to be about 6% smaller than if derived from a passband matching rest frame B-band for the cluster (Sparks & Jørgensen 1993) . The cluster masses, M 500 , based on X-ray data versus the redshifts of the clusters. Blue -our low redshift comparison sample (Coma, Perseus, A194); green -our main z = 0.2 − 1 cluster sample, MS0451-0305, RXJ0152.7-1357, and RXJ1226.9+3332 shown with black outlines; M 500 from Piffaretti et al. (2011) . Red -our current sample of z = 1.2 − 1.6 clusters, RXJ0848.6+4453/Lynx W shown with black outline. The z = 1.2 − 1.6 clusters and references for the cluster masses are: RDCS J1252.9-2927 (Stott et al. 2010) , RXJ0848.6+4453/Lynx W (Ettori et al. 2004 ), RXJ0848.9+4452/Lynx E (Stott et al. 2010 ), XMM2235.3-2557 (Rosati et al. 2009 ), J1438.1+3414 (Brodwin et al. 2011 ), J2215.0-1738.1 (Stott et al. 2010) , J0332-2742 (M 500 derived from L 500 in Kurk et al. 2009 , using approximation from Vikhlinin et al. 2009 ). Small black points -all clusters from Piffaretti et al. shown for reference. Green line -original X-ray luminosity limit for our z = 0.2 − 1 cluster sample (Jørgensen & Chiboucas 2013) . Blue and black lines -mass development of clusters based on numerical simulations by van den Bosch (2002) . The black lines terminate at Mass=10 15 M ⊙ at z = 0 roughly matching the highest mass clusters at z = 0.1 − 0.2. The blue lines terminate at Mass=10 14.8 M ⊙ at z = 0 matching the mass of the Perseus cluster. The dashed lines represent the typical uncertainty in the mass development represented by the numerical simulations.
We determined the cluster redshift and velocity dispersion using the bi-weight method (Beers et al. 1990) . Figure 3 shows the redshift distribution of the sample. We find a redshift of 1.2701 ± 0.0010 and a cluster velocity dispersion of 733 +84 −85 km s −1 . Galaxies with redshifts in the interval z = 1.26 − 1.28 are considered members of the cluster, see Table 11 in the Appendix for membership information of the individual galaxies.
Using a Kolmogorov-Smirnov test, we tested whether the velocity distribution of the member galaxies deviate from a Gaussian. The probability of the sample being drawn from a Gaussian distribution is 99%. Thus, we conclude that no Note. -Col.
(1) Galaxy cluster; col. (2) cluster redshift; col. (3) cluster velocity dispersion; col. (4) X-ray luminosity in the 0.1-2.4 keV band within the radius R 500 , from Piffaretti et al. (2011) , except for RXJ0848.6+4443 for which the data are from Ettori et al. (2004) ; col. (5) cluster mass derived from X-ray data within the radius R 500 , from Piffaretti et al., except for RXJ0848.6+4443 for which the data are from Ettori et al.; col. (6) radius within which the mean over-density of the cluster is 500 times the critical density at the cluster redshift, from Piffaretti et al., except for RXJ0848.6+4443 for which the data are from Ettori et al.; col. (7) Number of member galaxies for which spectroscopy is used in this paper. a Redshift and velocity dispersion from Zabludoff et al. (1990) . b Abell 194 does not meet the X-ray luminosity selection criteria of the main cluster sample. c Redshifts and velocity dispersions from Jørgensen & Chiboucas (2013) . d Redshift and velocity dispersion from Jørgensen et al. (2005) . The velocity dispersions for the Northern and Southern sub-clusters are (681 ± 232) km s −1 and (866 ± 266) km s −1 , respectively. e Redshift and velocity dispersion from this paper. sub-structure is detectable in the velocity distribution. Table 5 summarizes the cluster properties for all clusters used in the analysis in this paper, including the X-ray luminosities, radii and masses from the literature. On Figure 4 we show the cluster masses versus redshifts for these clusters.
For reference the figure also shows our full cluster sample and the catalog of z < 1 clusters from Piffaretti et al. (2011) . We show sample models for the growth of cluster masses with time, based on results from van den Bosch (2002) . These models are in general agreement with newer and more detailed analysis of the results from the Millennium simulations (Fakhouri et al. 2010) . The mass of RXJ0848.9+4453 is significantly lower than the other clusters included in the present analysis. However, because of the expected growth of cluster masses with time, RXJ0848.9+4453 is a viable progenitor for clusters of masses similar to Coma and Perseus at z ≈ 0.
THE METHODS, STELLAR POPULATION MODELS AND THE

FINAL GALAXY SAMPLE
We characterize the stellar populations in the RXJ0848.6+4453 galaxies by (1) establishing the FP, and the relations between masses, sizes and velocity dispersions; and (2) analyzing the absorption lines and SFR as function of galaxy velocity dispersion (or mass) and location within the cluster. In our analysis of the possible size and velocity dispersion evolution we present results using effective radii from both the fits with r 1/4 profiles and with Sérsic profiles. The results for the FP do not depend which of the two sets of effective parameters are used as on average the combination log r e + β log I e with β = 0.66 − 0.82 entering the FP varies less than 0.01 between the two choices of parameters. Further, since the low redshift comparison sample was fit with r 1/4 profiles we use the effective radii and surface brightnesses derived from the fits with r 1/4 profiles in our discussion of the FP. Our technique for establishing the scaling relations and associated uncertainties on slopes and zero points is the same as we used in Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) . Briefly, we establish the scaling relations using a fitting technique that minimizes the sum of the absolute residuals perpendicular to the relation, determines the zero points as the median, and uncertainties on the slopes using a bootstrap method. The technique is very robust to the effect of outliers. The random uncertainties on the zero point differences, ∆γ, between the intermediate redshift and low redshift samples are derived as (1) where subscripts "low-z" and "int-z" refer to the low redshift sample and one of the intermediate redshift clusters, respectively. In the presentation of the zero point differences we show only the random uncertainties. The systematic uncertainties on the zero point differences are expected to be dominated by the possible inconsistency in the calibration of the velocity dispersions, 0.026 in log σ (cf. Jørgensen et al. 2005) , and may be estimated as 0.026 times the coefficient for log σ, or 0.052 times the coefficient for log Mass.
Single stellar population models
In the analysis we use spectral energy distributions (SED) for single stellar population (SSP) models to derive model values of the absorption line indices that we are able to determine from the spectra of RXJ0848.6+4453. We use the SEDs from Maraston & Strömbäck(2011) for a Salpeter (1955) initial mass function (IMF). In addition we use mass-to-light (M/L) ratios for very similar models from Maraston (2005) .
As in Jørgensen & Chiboucas (2013) we have derived model relations linear in in the logarithm of the age and in the metallicity [M/H]. These relations are listed in Table 6 and are used to aid our analysis. In the fits presented here we include the models with age 1 Gyr as our sample includes galaxies with very young stellar populations. The fits in Jørgensen & Chiboucas (2013) were derived excluding these very young models. Thus, the M/L ratio relation in Table 6 differs slightly from the relation given by Jørgensen & Chiboucas. The simplest models for the evolution of the stellar populations are passive evolution models. In such models it is assumed that after an initial period of star formation the galaxies evolve passively without any additional star formation. The models are usually parameterized by a formation redshift z form , which corresponds to the approximate epoch of the last major star formation episode. In these models the age difference between galaxies at different redshifts is expected to be equal to the difference in lookback time. Thus, the relations listed in Table 6 enable us for a given z form to derive the expected offsets for the M/L ratios and the line indices between the high redshift clusters and our z ≈ 0 comparison sample. Alternatively, we can derive a formation redshift z form from the measured offsets of the parameters.
The formation redshift may depend on the galaxy properties and/or the properties of the cluster environment (e.g. Thomas et al. 2005) . In our analysis we use the model from Thomas et al. for the high density environment, which prescribes a formation redshift z form dependent on the velocity dispersion of the galaxy. We convert the velocity dispersion dependency to a mass dependency using an empirical relation between dynamical mass and velocity dispersion (see Jørgensen & Chiboucas 2013) .
In our analysis, we implicitly assume that the galaxies we observe in RXJ0848.6+4453 can be considered progenitors to the galaxies in the clusters at lower redshifts. As discussed in detail by van Dokkum & Franx (2001) this may not be a valid assumption. We return to this issue in the discussion (Sect. 6).
Dynamical masses
The dynamical masses of the galaxies can be determined from the velocity dispersions and effective radii as Mass = βr e σ 2 G −1 , with β = 5 (Bender et al. 1992) . Cappellari et al. (2006) found from integral-field-unit (IFU) data that this approximation provides a reasonable mass estimate in the absence of observational data like IFU data, which would enable more detailed modeling. These authors also tested the use of a coefficient β dependent on the Sérsic index n ser . They derived an expression based on a spherical isotropic model β(n ser ) = 8.87 − 0.831n ser + 0.0241n 2 ser (2) Their conclusion is that this expression does not improve the mass estimate over using β = 5, when comparing to the masses derived from their full modeling. Alternatively, van Dokkum et al. (2010) derived a fit to the numerical results from Ciotti (1991) and suggested the expression β(n ser ) = 3.316 + 0.026n ser − 0.035n
We note that this expression does not reach β = 5 for any values of n ser and therefore is not supported by the detailed modeling of IFU data done by Cappellari et al. (2006) . In the following we adopt Mass = 5r e σ 2 G −1 for the mass estimates. Kennicutt (1992) and Gallagher et al. (1989) , (6), and (7) Zero point, number of galaxies, rms in the Y-direction for the MS0451.6-0305 sample. (8), (9), and (10) Zero point, number of galaxies, rms in the Y-direction for the RXJ0152.7-1357 sample. (11), (12), and (13) Zero point, number of galaxies, rms in the Y-direction for the RXJ1226.9+3332 sample. (14), (15), and (16) Zero point, number of galaxies, rms in the Y-direction for the RXJ0848.6+4453 sample. Results for Low redshift sample, MS0451.6-0305, RXJ0152.7-1357, and RXJ1226.9+3332 for relations involving Mass, M/L and CN3883 are reproduced from Jørgensen & Chiboucas (2013) . For the log CaHK relation the slope and zero points for the low redshift sample and RXJ0152.7-1357 are from Jørgensen et al. (2005) . a Effective radii from fits with r 1/4 profiles, re = (ae be) 1/2 . b Effective radii from fits with Sérsic profiles, re = (ae be) 1/2 . c Effective radii from fits with Sérsic profiles, re = (ae + be)/2. 
Determination of the star formation rates
where L B is the luminosity of the galaxy in rest frame B-band in solar units. Due to the very faint continuum of most of the star forming galaxies in our sample, the uncertainty on EW Table 7 we divide the 24 members in sub-samples according to available spectroscopic parameters, S/N, Sérsic index and the strength of the [O II] emission. Our main sample consists of sub-samples (4) and (5), which are the bulgedominated galaxies with EW[O II]> 5Å and ≤ 5Å, respectively.
For the analysis of the FP and the relations between masses, sizes and velocity dispersions we concentrate on sample (5), the bulge-dominated galaxies with EW[O II]≤ 5Å. Except for allowing galaxies with lower S/N spectra as part of the analysis, the selection criteria for sample (5) are the same as used in Jørgensen & Chiboucas (2013) as we will use the results presented in that paper as part of our analysis. We show the bulge-dominated galaxies with EW[O II] > 5Å (sample 4) on the figures, but they are excluded from the determination of the zero points for the relations. In the discussion of the absorption line strengths we show samples (4) and (5), as well as the four disk-dominated galaxies from sample (2) on the figures. We also show the disk-dominated galaxies from the z < 1 clusters. However, the relations as well as zero points are derived from the bulge-dominated galaxies with EW[O II]≤ 5Å, only (sample 5 in RXJ0848.6+4453). In the discussion of the star formation rates derived from the [O II] emission all cluster members are included.
Before we proceed, we briefly assess possible selection effects in our RXJ0848.6+4453 sample. We first note that our sample covers galaxies with effective radii r e ≥ 1 kpc. This lower limit is similar to other studies of galaxies at z ≈ 1, in particular the study by Saglia et al. (2010) , with which we will compare in our analysis of the data. Within the two HST/ACS fields of RXJ0848.6+4453 there are 33 galaxies with z 850 ≤ 24.5 and within 0.1 mag of the CM relation. We have obtained spectroscopy of 20 of these. The magnitude distribution of the spectroscopically observed galaxies is not significantly different from that of all 33 galaxies as tested with Kolmogorov-Smirnov test. It is beyond the scope of this paper to determine effective radii and surface brightnesses of all the galaxies not included in the spectroscopic sample. However, the bulge-dominated members, (samples 4) and 5) included in the analysis are distributed in the log r e -log I e space similarly to our Coma cluster sample, when the luminosity evolution of −0.769 in log I e is taken into account, see Figure 6 . We emphasize that the purpose of this figure is not to determine the luminosity offset for RXJ0848.6+4453 relative to the Coma cluster from this projection of the FP, but only to assess the distributions in log r e and log I e . In conclusion, there are no obvious selection effects related to sizes, luminosities or surface brightnesses that may bias our results as presented in the following.
SCALING RELATIONS, STELLAR POPULATIONS AND STAR
FORMATION
The main results are described in the following subsections. Section 5.1 focuses on our results regarding the possible size and velocity dispersion evolution of the galaxies in RXJ0848.6+4453. Section 5.2 concentrates on the FP for the cluster, while the results regarding the stellar populations based on measurements of absorption and emission lines are outlined in Section 5.3.
The established scaling relations are summarized in Tables  8 and 9 , and shown on Figures 7, 8, 9 , and 10. Figure 7 shows the effective radii and velocity dispersions versus the dynamical masses. The figure shows our data for RXJ0848.6+4453 together with our data for the z = 0.5 − 0.9 clusters and the Coma cluster sample for effective radii derived from fits with r 1/4 profiles, panels (a) and (b). In panels (c)- (d) and (e)-(f) we show RXJ0848.6+4453 together with . Effective radii and velocity dispersions versus dynamical masses. Panels (a) and (b) use effective radii from fits with r 1/4 profiles, re = (ae be) 1/2 . Panels (c) and (d) use effective radii from fits with Sérsic profiles, re = (ae be) 1/2 . Panels (e) and (f) use effective radii from fits with Sérsic profiles, re = (ae +be)/2. Sérsic profile parameters are not available for the Coma cluster galaxies. Cyan -Coma cluster members; blue -MS0451.6-0305; green -RXJ0152.7-1357; orange -RXJ1226.9+3332; red -RXJ0848.6+4453. Open symbols for RXJ0848.6+4453 -galaxies with EW[O II]>5Å. Star -ID 2063, which hosts an AGN. Blue lines -best fit relations to the Coma cluster galaxies using effective radii from fits with r 1/4 profiles. The three clusters at z < 1 follow the same relation (Jørgensen & Chiboucas 2013) . Black lines -predicted location of the RXJ0848.6+4453 galaxies under the assumption that the evolution found by Saglia et al. (2010) is valid for these galaxies. ID 2111 (marked) has a best fit Sérsic parameter of nser = 9.1 causing the significantly different position in panels (c)-(f) relative to panels (a) and (b).
Radii and velocity dispersions as a function of masses
the z = 0.5 − 0.9 clusters using Sérsic effective radii derived as r e = (a e b e ) 1/2 and r e = (a e + b e )/2, respectively. On all the panels in Figure 7 the fit for the Coma cluster sample is shown (blue lines) together with the prediction of the location of the RXJ0848.6+4453 sample based on the results from Saglia et al. (2010) for dynamical masses (black lines). Table 8 summarizes the zero points for the relations for all the clusters. For RXJ0848.6+4453 the zero points are derived from the eight bulge-dominated galaxies with EW[O II]≤5Å (sample 5, see Table 7 ).
As described in Jørgensen & Chiboucas (2013) , we found no significant evolution in effective radii or velocity dispersions at a given mass with redshift for the z = 0.5 − 0.9 clusters. In that paper we used effective radii from r 1/4 profiles. As the only cluster in the sample MS0451.6-0305 was observed in a passband matching roughly rest frame V, rather than rest frame B. Due to color gradients this is expected to result in log r e on average being 0.028 smaller than if measured from a passband matching rest frame B (cf., Section 2.3). As the dynamical mass also depends on the effective radius, correcting for this effect would change the zero point for the size-mass relations for the cluster with an insignificant amount of −0.012.
Using the r 1/4 effective radii, the offsets for the RXJ0848.6+4453 sub-sample of bulge-dominated EW[O II]≤5Å galaxies relative to the Coma cluster relations is about a third of what is expected based on the results from Saglia et al. Further, the offsets are significant only at the 1-sigma level. If we use the effective radii from the Sérsic profiles the offsets relative to the z = 0.5 − 0.9 clusters are slightly larger, though still only significant at the 1-1.5 sigma level. We note that Saglia et al. used effective radii derived as r e = (a e + b e )/2. However, we find no significant difference between using r e = (a e b e ) 1/2 and r e = (a e + b e )/2 for our samples.
Concentrating on the results based on the r 1/4 effective radii, we convert the the median offsets in radii and velocity dispersions to an estimate of the median change of the dynamical mass, using Mass = 5r e σ 2 G −1 . This indicates in an insignificant mass change, ∆ log Mass = 0.01 ± 0.11. Taking the uncertainty into account we can interpret this as an upper limit on the mass increase of ≈ 23 percent.
The five bulge-dominated emission line galaxies (sample 4 in Table 7 ) show no offsets in effective radii or velocity dispersion relative to the Coma cluster relations (Fig. 7) when using r 1/4 effective radii and also no offsets relative to the z = 0.5 − 0.9 clusters when using the effective radii based on Sérsic profiles. Figure 8 shows the FP edge-on for the RXJ0848.6+4453 samples (4) and (5) ( Table 7) together with our samples for z = 0.5 − 0.9 clusters and the Coma cluster samples. On Figure 9 we show the FP as the M/L ratios versus the dynamical masses and versus the velocity dispersions. Tables 8 and 9 summarize the derived relations and zero points. All results in these two tables relating to only the z = 0.5 − 0.9 clusters and the Coma cluster samples are adopted from Jørgensen & Chiboucas (2013) and reproduced here to aid the discussion of the results for the RXJ0848.6+4453 sample.
The Fundamental Plane and relations for the M/L ratios
The RXJ0848.6+4453 sample appears to follow a steep relation in M/L versus Mass and M/L versus velocity dispersion, as is the case for the two highest redshift clusters RXJ0152.7-1357 and RXJ1226.9+3332 from Jørgensen & Chiboucas. However, because the sample contains only eight galaxies it is not possible to determine the slopes of the re- lations or the coefficients in the FP by fitting only this sample. Instead we have determined the best fit relations by fitting parallel relations to the three clusters. Thus, the assumption is that only the zero point varies between these clusters. Table 9 summarizes the derived relations. As the zero points for RXJ0152.7-1357 and RXJ1226.9+3332 are not significantly different from each other (cf. Jørgensen & Chiboucas 2013) we use their common zero point. We then derive the zero point difference for RXJ0848.6+4453 relative to that, and from there derive the formation redshift z form required for the galaxies in RXJ0848.6+4453 to evolve passively to the location of the M/L versus Mass relation for RXJ0152.7-1357 and RXJ1226.9+3332. However, the zero point difference is so small that z form = ∞ is needed. Thus, we conclude that the location of the M/L versus Mass relation for RXJ0152.7-1357 and RXJ1226.9+3332 cannot be the result of passive evolution of a higher redshift sample like the RXJ0848.6+4453 sample.
The zero point offset for RXJ0848.6+4453 (sample 5) relative to the Coma cluster sample is consistent with passive evolution and a formation redshift of z form = 1.95 +0.22 −0.15 . All eight galaxies in this sample have log Mass < 11.1. The higher mass galaxies in the cluster have stronger emission lines and show a much larger scatter around the M/L versus Mass relation. We note that the z = 0.5 − 0.9 clusters contain low mass galaxies with z form significantly below 1.95. We return to the discussion of this in Section 6.
Stellar populations: Absorption and emission lines
In Figure 10 we show the available absorption line indices versus the velocity dispersions. The figure includes the disk-dominated galaxies from all the clusters. For RXJ0848.6+4453 these are the galaxies listed in Table 7 as sample (2). Table 8 lists the relations shown on the figure. The correlation between the Hζ A indices and the velocity dispersions is only significant for the sample of galaxies in MS0451.6-0305, for which a Kendall's τ rank order test gives a probability of 0.7% of no correlation being present. For all the other cluster samples, the probabilities are 22% or larger that there is no correlation. We have therefore established the slope of the relation fitting only the MS0451.6-0305 sample. For this relation the residuals were minimized in the direction of Hζ A . The zero points for all the samples were then derived using the slope established from the MS0451.6-0305 sample.
The correlation between the D4000 indices and the velocity dispersions for the individual clusters is weak. However, a Kendall's τ rank order test for the joint sample of all the galaxies in the z < 1 samples yields a probability of 0.4% of no correlation being present. Thus, we determine the slope by fitting the full sample. After this, we determine the cluster specific zero points relative to this relation.
The main results we derive from Figure 10 and the relations in Table 8 are (1) the presence of very strong Hζ lines in the RXJ0848.6+4453 galaxies compared to the lower redshift samples, (2) the RXJ0848.6+4453 galaxies have significantly weaker CN3883 than found for the lower redshift samples, and (3) the RXJ0848.6+4453 galaxies are not significant offset in D4000 or CaHK relative to the lower redshift samples, though the scatter in these indices may be somewhat larger than for the lower redshift samples. It should be noted that except for CN3883 being weaker in the RXJ0848.6+4453 galaxies than in the lower redshift samples, none of the offsets in D4000, CaHK and CN3883 between the z = 0.5 − 1.3 clusters and the low redshift comparison sample are significant. We return to this in the discussion in Section 6.
We then investigate whether it is possible to use a combination of indices to estimate ages and metallicities of the galaxies in RXJ0848.6+4453. Figure 11 shows the strength of Hζ A versus CN3883, CaHK, and D4000. The figure also shows model predictions based on the SSP SEDs from Maraston & Strömbäck (2011). These predictions are degenerate in metallicity and age. Thus, we can only approximately estimate the ages of the stellar populations from the indices. The metallicities cannot be constrained beyond noting that due to the strength of CaHK and CN3883 the metallicities of the RXJ0848.6+4453 galaxies must be similar to those of the lower redshift galaxies, ie. solar or above solar. The best age estimates come from using Hζ A versus CN3883. The area in this diagram populated by the RXJ0848.6+4453 galaxies (see Fig. 11a ) can only be reached if the stellar population ages are 1-2 Gyr. Only a handful of the z = 0.5 − 0.9 bulge-dominated galaxies populate the same part of the diagram. Figure 12 shows the star formation rates derived from the [O II] emission as well as the strength of the Hζ line versus the cluster center distance, R cluster , and versus the dynamical mass. As not all galaxies have determination of the dynamical mass, Figure 12b contains fewer points than Figure 12a . Figures 12c and d show only galaxies with measurements of Hζ A , which in particular excludes the three low mass (Mass < 10 10.5 M ⊙ ) galaxies that are included on Figure 12b . From  Figures 12a and c we conclude that star forming galaxies and galaxies with strong Hζ A are present throughout the cluster. There is no trend in SFR or Hζ A with R cluster , and also no radius within which star formation is absent. Figures 12b and  d show that star formation and strong Hζ A are present in the most massive of the bulge-dominated galaxies. However, the SFR is well below that of galaxies on the star formation "main sequence" (e.g., Wuyts et al. 2011). 6. DISCUSSION In this discussion, we compare the results regarding the size and velocity dispersion evolution to previous results and discuss the possible effect of the cluster environment on this evolution. We then discuss the evolution in the stellar population 
Size and velocity dispersion evolution
In our study of the massive z = 0.5 − 0.9 clusters also included in this paper we found no indication of evolution with redshift in sizes or velocity dispersions of the passive bulgedominated galaxies (Jørgensen & Chiboucas 2013 ). Our results on RXJ0848.6+4453 presented here indicate a very small (1-sigma) difference between the sizes and velocity dispersions of galaxies at a given mass in this cluster compared to those at z ≈ 0. A similar conclusion regarding the size evolution was reached for 16 galaxies in RXJ0848.6+4453 by Saracco et al. (2014) , who using stellar masses put an upper limit on the size evolution of r e ∝ (1 + z) −0.1 equivalent to ≈ 8% from z = 1.27 to the present.
Recent studies have addressed the question of the possible environmental dependence of the size and velocity dispersion evolution of galaxies. Several authors have directly compared sizes of passive galaxies in high density and low density environments. Lani et al. (2013) finds that at z > 1 galaxies in high density environments are ≈ 50 percent larger than those in low density environments. Delaye et al. (2013) reach a similar conclusion. Converting the Delaye et al. result on size dependences on redshift in the field and in clusters to a difference in sizes at z ≈ 1.3 gives a size difference of ≈ 30 percent, with the cluster galaxies being larger. Specifically for clusters Delaye et al. find r e ∝ (1 + z) −0.53 using stellar masses, which is in agreement with the result from Saglia et al. (2010) using dynamical masses for the clusters in the EDisCS survey. At z ≈ 0 any differences in sizes between field and cluster galaxies appear to have disappeared, or at least become undetectable, see Huertas-Company et al. (2013) .
In a study of a z ≈ 1.8 cluster, Newman et al. (2014) on the other hand find no difference between the sizes of the galaxies in that cluster and field galaxies at similar redshifts. Thus, contradicting the above results and arguing that these other results are due to differences in the morphological mixture of the samples studied.
Of these results, only Saglia et al. (2010) use dynamical masses and their result is therefore most directly comparable to our result and also the only study that make it possible to directly compare to our results for the evolution of the velocity dispersion. On Figure 13 we summarize the results as the median offset for each of the z = 0.5 − 1.3 clusters relative to the location of the Coma cluster relations. The dashed lines on this figure shows the results from Saglia et al. for dynamical masses. The size and velocity dispersion evolution required to bring our RXJ0848.6+4453 to the z ≈ 0 location of the relations with mass is only about a third of that found by Saglia et al. Formally the zero point differences relative to the Coma cluster sample are only significant at the one-sigma level.
The result from Saglia at al. is corrected for progenitor bias using a method adopted from Valentinuzzi et al. (2010) . We have chosen to assess the effect of progenitor bias on our result in an empirical fashion using the information about the Hβ line strength for our Coma cluster sample to evaluate the ages of galaxies in this sample. Using the model relation between the Hβ line strength, age, metallicity [M/H] and abundance ratio [α/Fe] based on stellar population models from Thomas et al. (2005) and established in Jørgensen & Chiboucas (2013) we can remove galaxies from the Coma cluster sample too young to have progenitors in our RXJ0848.6+4453 sample. The difference in lookback time between the two clusters is 8.3 Gyr for our adopted cosmology. With [M/H]=0.3 and [α/Fe]=0.3 as typical average values for galaxies in the Coma cluster sample (see Jørgensen & Chiboucas 2013), we then require log Hβ G ≤ 0.29 in order for the galaxies to be older than about 8.3 Gyr. Doing so reduces the zero point difference between the Coma cluster sample and our sample in RXJ0848.6+4453 for the size-mass relation to zero, while the offset for the velocity dispersionmass relation is 0.011 in log space. These values are shown on Figure 13 as open circles. Thus, the correction for progen- In addition disk-dominated galaxies (nser < 1.5) are shown as open circles, color coded for cluster membership as the rest of the symbols. The solid line on each panel shows the relation for the sample used to establish the slope of the relation, while the dashed lines show the relations offset to the median zero point for each of the other clusters. The color coding of the lines match the symbols (cyan -low redshift sample; blue -MS0451-0305; green -RXJ0152.7-1357; orange -RXJ1226.9+3332; red -RXJ0848.6+4453). For D4000 all samples at z < 1 were used to establish the slope of the relation, see text. There are no significant zero point differences with redshift for D4000 and CaHK. For CN3883 only the offset of the RXJ0848.6+4453 sample relative to the low redshift sample is significant. All offsets for Hζ A are significant, see text for discussion. itor bias decreases the possible evolution in size and velocity dispersions, as also found by Saglia et al.
Our result for RXJ0848.6+4453 combined with our previous results for the massive z = 0.5 − 0.9 clusters (Jørgensen & Chiboucas 2013 ; also shown on Fig. 13) indicates an even larger difference between the evolution in dense environments and in the field than found by, e.g., Delaye et al. (2013) . However, we note that the clusters in our z < 1 sample are significantly more massive than those in the EDisCS sample. Based on models for cluster mass evolution (van den Bosch 2002, see Fig. 4 ) RXJ0848.6+4453 is expected to evolve to a similarly massive cluster by the present time. Of the above studies, we can only confirm that Delaye et al. include some similarly massive clusters. Further, our galaxy samples in the clusters are selected consistently based on both morphology n ser > 1.5 and spectroscopic properties (passive galaxies with EWOII≤5 Å). Therefore, our result cannot be explained as due to a mixup of sample selections.
We conclude that with homogeneous selection of samples in very massive clusters, and use of dynamical galaxy masses, we find that a size and velocity dispersion evolution from z ≈ 1.3 to the present of ≈ 16% and ≈ 7%, respectively. Both differences are significant only at the one-sigma level. Further, the evolution is likely to have completed by z ≈ 0.9. We put an upper limit of 23% on the increase in mass associated with this evolution (see Sect. 5.1). Figure 14 summarizes the changes in the M/L ratios and the absorption line strengths as the zero point offsets of the z = 0.5 − 1.3 cluster samples relative to the low redshift samples. All clusters are shown in these figures. Results for the z = 0.5− 0.9 clusters for M/L and CN3883 are adopted from Jørgensen & Chiboucas (2013) .
Stellar population evolution
We compare the zero point for the M/L-Mass relation for the RXJ0848.6+4453 bulge-dominated galaxies with EW[O II]≤ 5Å to that of the Coma cluster sample. The difference is consistent with passive evolution and a formation redshift of z form = 1.95
−0.15 . This is higher than for the z = 0.5−0.9 clusters (Jørgensen & Chiboucas 2013 , see also Fig. 14a ) for which we found z form ≈ 1.4. The difference becomes even larger, when considering that the eight passive galaxies in our RXJ0848.6+4453 all have masses below 10 11.1 M ⊙ . For similar low-mass galaxies in the z = 0.5 − 0.9 clusters the formation redshift is ≈ 1.2 (blue points on Fig. 14a) .
We speculate that the reason for this difference is that a large fraction of the low mass galaxies in z = 0.5 − 0.9 clusters have entered the passive bulge-dominated population more recently than z ≈ 1.3. Thus, the difference is due to a progenitor bias. The RXJ0848.6+4453 sample does not include the progenitors of those young bulge-dominated galaxies in the z = 0.5 − 0.9 clusters, as such progenitors observed at z ≈ 1.3 would have very strong star formation and maybe also not yet be bulge-dominated. This conclusion is similar to that reached by Sánchez-Blázquez et al. (2009) who argue that 50% of the low mass galaxies on the red sequence at low redshift have entered the red sequence recently.
Turning to the strength of the Hζ line, our results support the idea that RXJ0848.6+4453 experienced a major episode of star formation 1-2 Gyr prior, consistent with z form = 1.95. The strengths of Hζ seen in the RXJ0848.6+4453 galaxies can according to stellar population models only be achieved for such young stellar populations (see Fig. 11a ). Within the uncertainty, this is also consistent with the zero point offset Results for the z < 1 clusters for the M/L ratios and CN3883 are adopted from Jørgensen & Chiboucas (2013) . Predictions from models for passive evolution based on models from Maraston (2005) and Maraston & Strömbäck (2011) are overplotted, labeled with the assumed formation redshift z form . Black dashed line on panel (c) -the prediction for z form = 1.8 if adopting the age dependence of CN3883 discussed in Jørgensen & Chiboucas (2013) . Black points -median for the full sample in each cluster; red points -for z − 0.5 − 0.9 clusters, galaxies with log Mass ≥ 11; blue points -for z − 0.5 − 0.9 clusters, galaxies with log Mass < 11.
of the Hζ A -velocity dispersion relation for RXJ0848.6+4453 relative to the low redshift sample (Fig. 14b) . The occurrence of such a star formation episode is further supported by the fact that the most massive bulge-dominated galaxies in the cluster all have significant [O II] emission.
It is worth noting that all the bulge-dominated galaxies show young stellar populations either through the strength of the Hζ line or presence of [O II] emission, or both. These galaxies are distributed throughout the cluster (see Fig. 12 ). Thus, there is no indication that the star formation has yet been quenched in the center of the cluster. This is different from results for the more massive clusters RDCS J1252.9-2927 (z = 1.24) and XMMU J2235.3-2557 (z = 1.4) at similar redshifts. Both of these clusters show an absence of star forming galaxies in the very center of the clusters (Nantais et al. 2013; Grützbauch et al. 2012) . We speculate that the difference is related to the mass of the clusters, as these two latter clusters have M 500 = 6.1 × 10 14 M ⊙ (Stott et al. 2010 ) and M 500 = 4.4 × 10 14 M ⊙ (Rosati et al. 2009 , see also Stott et al. 2010) , respectively. Thus, masses that are a factor 3-4.5 larger than the mass of RXJ0848.6+4453. Lynx E, which is located in the same supercluster as RXJ0848.6/4453/Lynx W, and is similarly massive as RDCS J1252.9-2927 and XMMU J2235.3-2557 (M 500 = 4.7 × 10 14 M ⊙ , Stott et al. 2010) has not yet been studied in the same detail.
Two studies of z ≈ 2 clusters find similar results regarding the presence of star formation in massive cluster galaxies as we find for RXJ0848.6+4453. Strazzullo et al. (2013) find in their study of J1449+0856 (z = 2.0) that the cluster hosts massive star forming as well as passive galaxies in the core. This cluster has an estimated mass of M 500 = 3.4 × 10 13 M ⊙ (Gobat et al. 2011 , with the conversion M 200 ≈ 1.54M 500 from Brodwin et al. 2011) . Thus, the cluster is significantly less massive than RXJ0848.6+4453, but based on the models for cluster mass evolution with redshift (see Fig. 4 ) it is expected to evolve into a cluster mass similar to that of RXJ0848.6+4453 at z ≈ 1.3. Tanaka et al. (2013) investigated the cluster galaxies around the radio source PKS1138-262 (z = 2.16) and conclude that this cluster also contains a mix of massive star forming and passive galaxies, as if the cluster is in the process of quenching the star formation. Shimakawa et al. (2014) derived the velocity dispersion of Hα and Lyα emitters that they consider part of the virialized core of the cluster. They find σ cluster = 683km s −1 from which they derive M 200 = 1.71 × 10 14 M ⊙ , or M 500 = 1.1 × 10 14 M ⊙ with the conversion from Brodwin et al. This cluster mass represents an upper limit as even the core may not yet be virialized. However, it appears that the cluster may already have a mass comparable to that of RXJ0848.6+4453 and therefore will be expected to evolve into a significantly more massive cluster than RXJ0848.6+4453 at later epochs.
The difference in lookback time between z ≈ 2 and z ≈ 1.3 is about 1.5 Gyr with our adopted cosmology. Thus, it is plausible that we are in fact seeing J1449+0856, PKS1138-262 and RXJ0848.6+4553 at slightly different epochs during the quenching of the star formation as the galaxies fall into the dense cluster environment. We speculate that this process takes place earlier (or faster) in more massive clusters like RDCS J1252.9-2927 and XMMU J2235.3-2557. Detailed spectroscopic observations of both those two clusters and higher redshift progenitors, of such massive clusters are needed to resolve this question. Based on its mass estimate PKS1138-262 may be such a progenitor.
The results for the M/L ratios, Hζ line strength and [O II] emission appear to give a consistent picture of the stellar populations in the bulge-dominated RXJ0848.6+4453 galaxies and an epoch of the period of the last star formation of z form = 1.95. However, the strengths of the metal lines CN3883 and CaHK, as well as the D4000 strength appear in contradiction with these results. These three indices are all stronger than expected for 1-2 Gyr old stellar populations with metallicities of [M/H] = 0 − 0.3, based on the predictions from SEDs from Maraston & Strömbäck (2011) . This is shown in Figure 14c -e, where we show the zero point offsets for these three indices relative to our low redshift sample. The figure also shows the results for the z = 0.5 − 0.9 clusters from Jør-gensen & Chiboucas (2013). As our RXJ0848.6+4453 sample is the first sample of z > 1 galaxies with measured metal absorption line indices, we cannot compare this result to any prior results. We do caution that the stellar population models may not correctly model these blue indices. In Jørgensen & Chiboucas (2013) we showed that the SEDs from Maraston & Strömbäck predict CN3883 too strong for a given CN 2 index. Because of that, the prediction of the age dependency for CN3883 based on these SEDs is also significantly stronger than if we adopt the dependency derived from the CN 2 index as we did in Jørgensen & Chiboucas (2013) . On Figure 14c we show this latter prediction as well for z form = 1.8. From this is it is clear that it is yet not straight forward to interpret the strength of this blue metal index within the frame work of the SSP models. Thus, to make progress on the interpretation of the metal indices, further progress is needed on the modeling. This is beyond the scope of this paper. Additional data for z > 1 cluster galaxies are also needed to confirm the presence of these strong metal lines in galaxies at these redshifts.
CONCLUSIONS
We have used deep ground-based optical spectroscopy from Gemini North and HST/ACS imaging to investigate the structure and stellar populations of galaxies in RXJ0848.6+4453/Lynx W at redshift z = 1.27. Our main conclusions are as follows:
1. At a given dynamical mass, the galaxies in RXJ0848.6+4453 show only a very small difference in size and velocity dispersion when compared to our low redshift sample. Formally the effects are at the one-sigma level and about one third of that expected if extrapolating the results from the EDisCS survey (Saglia et al. 2010) . Our result adds support to the idea that the evolution of sizes and velocity dispersions depends on the cluster environment and is accelerated in high mass clusters compared to poorer clusters and the field.
2. The bulge-dominated galaxies in RXJ0848.6+4453 populate a Fundamental Plane (FP) similar to that seen for lower redshift galaxies. The slope for the RXJ0848.6+4453 is similar to that found for z = 0.8 − 0.9 clusters, though the sample is too small for an independent determination of the slope. The FP zero point is in agreement with a model of passive evolution with a formation redshift of z form = 1.95
15 . This is a higher z form than we previously found for our sample of galaxies in z = 0.8 − 0.9 clusters at similar galaxy masses (Jør-gensen & Chiboucas 2013). Our result show that the low mass end of the FP is populated already at z ≈ 1.3, but also that additional passive galaxies are added at later epochs.
3. The bulge-dominated galaxies in RXJ0848.6+4453 have very strong Hζ absorption lines and the highest mass bulge-dominated galaxies also contain significant [O II] emission. From both of these facts, we conclude that the galaxies have experienced an episode of star formation about 1-2 Gyr prior to the epoch equivalent to the cluster redshift. This is in agreement with the formation redshift determined from the FP. The data indicate that this episode of star formation was widespread in the cluster, and that star formation has not yet been fully quenched in the very center of the cluster.
4. The metal lines CN3883 and CaHK, as well as D4000 are stronger than expected if these galaxies have z form = 1.95 and are to passively evolve into galaxies similar to those in our lower redshift samples. Further investigation of metal lines in z > 1 galaxies are needed to shed light on this apparent contradiction with the results from the FP zero point and Hζ strengths.
Our comparison of the stellar populations in the RXJ0848.6+4453 galaxies with that of more massive clusters at similar redshift and with less massive clusters at higher redshift raise the possibility that the quenching of star formation in the cluster galaxies depend on the cluster properties. The quenching may either happen earlier or faster in the more massive clusters. Detailed spectroscopic investigations of additional massive clusters at z = 1 − 2 are required to shed further light on this issue.
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I.J. acknowledge support from grant HST-AR-13255.01 from STScI. STScI is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS 5-26555. Table 10 lists the photometric parameters for the spectroscopic sample as derived from the HST/ACS observations in F850LP and F775W. Only the F850LP images were processed to derive 2-dimensional surface photometry using GALFIT (Peng et al. 2002) . F775W was used only for the color determinations. The effective radii in Table 10 are derived from the semi-major and -minor axes as r e = (a e b e ) 1/2 . The difference between the effective radii from fits with an r 1/4 -profile and a Sérsic profile should not be interpreted as the uncertainty. As expected the difference is correlated with the Sérsic index, n ser , see Figure 15 . Figure 16 shows our photometric parameters compared with those from Saracco et al. (2014) for the eight galaxies in common. We have offset the z 850,Vega magnitudes from Saracco et al. (2014) to AB magnitudes using the synthetic zero points from Sirianni et al. (2005) . As the errors on total magnitudes and effective radii are strongly correlated, we show the differences in the logarithm of the effective radii (in kpc) versus the difference in the total z 850 magnitudes. The solid line shows the best fit relation. From zero point of this fit we can derive the magnitude difference between our magnitudes and those of Saracco et al. (2014) as 0.04 ± 0.03 mag. This very small difference is most likely due to the difference in the choice of point-spread-function (PSF). Saracco et al. uses a PSF constructed from stars in the field, while we use Tiny Tim (Krist 1995) model PSFs (see Chiboucas et al. 2009 ).
We have derived total magnitudes in the rest frame B-band from the observed z 850 magnitudes and colors, using calibrations established based on Bruzual & Charlot (2003) stellar population models spanning the observed color range, see Jørgensen et al. (2005) for details. We use the aperture color (i 775 − z 850 ) in the calibration, and calibrate all total magnitudes to the rest Figure 15 . The difference log r e,dev − log re,ser versus the Sérsic index, nser. Solid squares -bulge-dominated galaxies with EW[O II] ≤ 5Å; open squares -bulge-dominated galaxies with EW[O II] > 5Å; circles -disk-dominated galaxies; triangles -galaxies with S/N < 10 in the spectroscopic observations and therefore excluded from the analysis. As expected the figure shows a correlation, with the effective radius from the Sérsic fits being larger than those from the fits with r 1/4 -profiles if nser > 4. Figure 16 . Comparison of our HST photometry with that of Saracco et al. (2014) for the eight galaxies in common, show as the difference in the logarithm of the effective radii versus the difference in total magnitudes. The errors in the two parameters are strongly correlated. Solid line -best fit relation. The zero point difference between our magnitudes and those of Saracco et al. (2014) as 0.04 ± 0.03 mag. frame B-band using this color. This ignores any effects of color gradients, but is preferable because the aperture color has lower uncertainty than the total color. For the cluster redshift the calibration is
The large color term is due to the fact that at the cluster redshift the F850LP filter spans the 4000Å break. The distance modulus for our adopted cosmology is DM(z) = 44.74. The absolute B-band magnitude, M B , is then derived as
Techniques for how to calibrate to a "fixed-frame" photometric system are described in detail by Blanton et al. (2003) . 
SPECTROSCOPIC DATA
Observations and reductions
The spectroscopic reductions were done using the same techniques as described for the nod-and-shuffle data used in Jørgensen & Chiboucas (2013) . The only difference is that size and behavior of the charge diffusion effect (CDE) of the the GMOS-N E2V DD CCDs compared to that of the original GMOS-N E2V CCDs. Briefly, the CDE becomes stronger at longer wavelengths and is seen as charge diffused from each individual pixel into all neighboring pixels, see also Abraham et al. (2004) for a description and Jørgensen & Chiboucas (2013) for a figure that shows how the CDE affects spectroscopic data. As explained in that paper, in the absence of a correction the CDE leads to over-subtraction of the sky signal at long wavelengths.
We attempted to use the same technique to correct for the CDE for the E2V DD CCDs as used in Jørgensen & Chiboucas (2013) . However, it turns out that the effect for these CCDs not only depends on the wavelength but also on the physical location on the array. We therefore obtained custom calibrations to enable the correction. These calibrations consist of quartz-halogen flat fields taken through the MOS masks. The flat fields are shuffled on the detector the same way as the science observations are obtained. However, in order to avoid saturating the array only one shuffle cycle was used for the shuffled flat fields. At the same time we obtained conventional quartz-halogen flat fields. Using the two types of flat fields together makes in possible to derive a correction image that can be used to correct the flat fields taken with the science observations at night, such that after the correction the flat fields will include the multiplicative effect of the CDE. Due to small flexure effect as well as the fact that the science data are taken with deliberate small offsets in the detector translation stage between exposures, flat fielding for pixel-to-pixel variations should be done with flat fields taken with the science data, rather than simply use the shuffled flat fields obtained after the fact.
The determination of the correction image is done with the following steps:
1. Bias correct of both shuffled and conventional flat field.
2. Fit both flat fields with cubic splines row-by-row and detector-by-detector.
3. Normalize the smooth fits for each slitlet with the fit in the central row of each slitlet. This is also done detector-by-detector.
4. For both flat fields, mosaic the images from the three arrays in GMOS-N.
5. Cut each flat field into slitlets.
6. Ratio the conventional flat field with the shuffled flat field in original position. This will show the CDE affecting the lower part of the lower image of the slitlets.
7. Repeat the steps mosaic, cut and ratio, but with the conventional flat field offset to match the upper image of the flat field in the shuffled flat field. The resulting ratio image will show the CDE affecting the upper part of the upper image of the slitlets 8. Fit the effect row-by-row with a cubic spline in order to suppress pixel-to-pixel noise in the correction image.
9. Reformat the correction image to match the flat fields, which have six extensions matching the six read-out amplifiers on array.
The calibration was repeated for each of the two wavelength setting used for the science observations, and for each of the two MOS masks. Thus, in total four calibration images were used. We repeated the determination several times over a period of a few weeks to ensure that the calibration did not change in time. No significant time dependence was found. Figure 17 shows a sub-image of the 2-dimensional correction image together with examples of the size of the correction as it affects the science data. The size of the correction depends on the geometry of the slitlets, the placement of the objects in the slitlets, and the extraction aperture. The correction effect shown on Figure 17 matches the configuration used for our data. The CDE calibration is critical for MOS nod-and-shuffle observations using as short slits as done here (2.5 arcsec) and attempting to obtain observations redwards of ≈ 8000Å. Following the CDE correction, the remainder of the spectroscopic reduction steps are identical to those described in Jørgensen & Chiboucas (2013) . The result of the spectroscopic reductions are 1-dimensional extracted spectra calibrated to a relative flux scale. The spectra were median filtered and resampled to just better than critical sampling, cf. Jørgensen & Chiboucas. The instrumental resolution was derived from sky spectra processed exactly the same way as the science spectra. The instrumental resolution for all slitlets is between 2.90 and 3.14 Å measured as sigma in a Gaussian fit to the sky lines.
Spectroscopic parameters
The calibrated spectra were fit with stellar templates as described in Jørgensen & Chiboucas (2013) . This results in determination of the redshifts and the velocity dispersions. The fits were performed with the kinematics fitting software made available by Karl Gebhardt, see Gebhardt et al. (2000 Gebhardt et al. ( , 2003 for a description of the software. Spectra of member galaxies were fit in the wavelength range 3750-4100Å. The software fits the spectra in pixel space. The template stars are convolved to the instrumental resolution of the science spectra. Individual values for each slit is used as these are not identical. As in Jørgensen & Chiboucas (2013) we determine the instrumental resolution from stacked sky spectra processed in the same way as the science spectra. The software determines the line-of-sight-velocity-distribution (LOSVD) from the science spectra and then the velocity dispersion is derived from the LOSVD through both a Gauss-Hermite polynomial fit and a Gaussian fit. For the 19 member galaxies with velocity dispersion determined the offset in log space between the two measurements is −0.036 with the GaussHermite polynomial fits giving the smaller velocity dispersions. One may argue that using Gaussian fits is a suitable choice for the RXJ0848.6+4453 data due to the relatively short wavelength range and a median S/N of 18 per Ångstrom, making the uncertainties on the higher order terms of the Gauss-Hermite polynomial fit large. However, for consistency with previous work, we use the velocity dispersions derived from the Gauss-Hermite polynomial fits to the LOSVD.
Because the software determines the fits in pixel space, it is straight forward to mask wavelength ranges not to be included in the fit. We used this to flag areas of strong residuals from the sky subtraction, and for ID 2772 also to mask Balmer emission Grey-to-black shows larger effects. Black vertical area -chip gap between CCD1 and CCD2. Each slitlet can be seen on the image as an area near symmetric in the Y-direction as the correction in the upper and lower part of the shuffled image of the slitlet is expected to be identical. The subimage contains nine slitlets, labeled with their extension number. The dashed line marks the approximate area on CCD2 where the CDE varies with spatial location on the CCD, in addition to the variation with wavelength, see text. Right panels: The CDE for three example extensions (2, 9 and 12) as it affects the science data. Extensions 9 and 12 are affected by the area on CCD2 where the CDE varies with spatial location on the CCD. lines in the fitted wavelength range. None of the other galaxies have significant emission lines within the wavelength range 3750-4100Å. As in Jørgensen & Chiboucas, we use three template stars with spectral types K0III, G1V and B8V. Figure 18 shows the normalized spectra, fits and residuals in the wavelength region covered by the fits. The purpose of the set of template stars is to span the stellar populations in the galaxies. From Figure 18 we conclude that use of these three stars accomplishes this. Further, we choose to use the same template stars as in our previous work to ensure consistency with our previous publications. Aperture correction of the velocity dispersions were performed using the technique from Jørgensen et al. (1995b) .
The uncertainties, σ log σ , on the velocity dispersions are derived by the fitting software using a bootstrap method. In Figure  19 we show the resulting uncertainties versus the S/N of the spectra. The uncertainties scale approximately with S/N as σ log σ ≈ 1.2 × S/N −1 . This relation is shown on the figure. We have assessed possible systematic errors on the derived velocity dispersions resulting from (1) incorrect instrumental resolution, (2) incorrect telluric correction, and (3) incorrect sky subtraction.
The instrumental resolution varies from slit to slit with the total range being approximately ±4.5%. The formal uncertainties on the derived instrumental resolutions as estimated from the rms scatter of measurements of individual skylines in each slit is 1-3%. We estimated the systematics that may be introduced in the velocity dispersion measurements from incorrect determination of the instrumental resolution by refitting all spectra adopting instrumental resolutions of 10% larger and 10% smaller than measured. The median offsets relative to the velocity dispersions listed in Table 11 are less than 0.005 in log σ. As this is a factor five less than the intrinsic consistency of 0.026 our low redshift sample (Jørgensen et al. 2005) , we conclude that systematic errors from incorrect determination of the instrumental resolution do not affect our results significantly.
The telluric correction was derived from spectra of two blue stars included in the masks. Thus, the calibration spectra were obtained with identical airmass and water vapor as the science spectra and processed in the same way as the science spectra. The combined spectrum of the two blue stars was normalized. We then cleaned the spectrum for noise and stellar features outside the known bands of atmospheric absorption. At wavelengths long than 8500 Å we used an ATRAN model spectrum of the atmospheric absorption (Lord 1992) to guide this cleaning process. Figure 20 shows the normalized spectrum before cleaning, the ATRAN model, and the adopted telluric correction. The wavelength interval for the kinematics fitting is shown in the observed frame. The long wavelength limit of this fitting interval was set to avoid the strong telluric absorption bands redwards of ≈ 9300 Å. As the spectra used to determine the telluric correction are obtained simultaneously with the science, there can be no mismatch in airmass or water vapor. Nevertheless, we tested the effect of the telluric correction being systematically wrong with 10% by correcting the spectra with the telluric correction test spectrum derived from the measured telluric correction spectrum as
with X = 0.9 and 1.1, respectively. The spectra were then flux calibrated, resampled, normalized, processed with the kinematics fitting software. The resulting velocity dispersions are in both cases consistent with those presented in Table 11 with median zero point offsets of < 0.003 for the two cases and rms scatter of 0.04 in log σ for the 19 member galaxies with measured velocity dispersions. Finally we assessed the systematic effects on the velocity dispersions from a possible incorrect sky subtraction. The data are obtained in nod-and-shuffle mode to limit such sky subtraction errors. Within the wavelength fitting interval (3750-4100 Å in the Figure 18 . Summary of the kinematics fitting for the members of RXJ0848.6+4453 for which determination of the velocity dispersion was possible. Blacknormalized spectra ; red -best fit; green -noise times two, normalized the same way as the spectra; blue -residuals from the best fit; cyan -wavelength regions excluded from the fits due to strong sky subtraction residuals. The figure shows the general quality of the fits and demonstrates that the use of the three template stars adequately spans the stellar populations present in the sample. . Telluric correction and typical sky spectrum for illustration shown together with the spectrum of the brightest cluster member observed. Blackcombined spectra of the two blue stars in the masks. Cyan -ATRAN model (Lord 1992) for water vapor of 2 mm and elevation of 45 degrees at the altitude of Gemini North. The model has been resampled and convolved to match the spectral sampling and instrumental resolution of our data. The model is offset 0.08 from the data for clarity. Green -adopted telluric correction. Orange -uncalibrated spectrum (in counts) of the brightest cluster member observed ID 1763. Red -spectrum (in counts) of ID 1763 after telluric correction. Blue -sky spectrum matching ID 1763, divided by 100. See text for discussion of the figure. rest frame) even for the brightest cluster member observed, ID 1763, the signal from the galaxy is only 2.6% of the average sky signal. Figure 20 illustrates this by showing the spectrum of ID 1763 in counts together with the matching sky spectrum scaled down with a factor 100. We tested the effect of the sky subtraction being over-or under-subtracted with 0.1%. An error in the sky subtraction of this size cause visible systematic residuals in the resulting spectra within the wavelength region used for the kinematics fitting. We therefore view this as the upper limit on the possible systematic error in the sky subtraction. The spectra were then processed through the remainder of the processing steps and velocity dispersions derived. Comparing the resulting velocity dispersions to those presented in Table 11 for the 19 member galaxies with measured velocity dispersions we find median offsets in log σ of < 0.015 in the two cases. The rms scatter in log σ for over-and under-subtraction of the sky is 0.13 and 0.05, respectively. If limiting the comparison to the 13 bulge-dominated galaxies with S/N≥10, the scatter decreases to 0.08 and 0.03, respectively. These 13 galaxies are the galaxies included in our analysis of the size and velocity dispersion evolution as well as the FP analysis.
We conclude that systematic errors on the the measured velocity dispersions due to the determination of the instrumental resolution, the adopted telluric correction or the sky subtraction do not affect our results significantly.
Our ability to determine line indices from the spectra are limited by the sky subtraction errors, which in turn to a large extent are a result of the imperfect correction for the CDE. While the spectra cover wavelengths to 4400Å in the rest frame, the sky subtraction errors limit the range for which the spectra can be used for determination of absorption line indices to ≈ 4075Å in the rest frame (9250Å observed). We have derived the following indices CN3883, CaHK, D4000 and Hζ A . We have adopted the bandpass definition for the higher order Balmer line Hζ from Nantais et al. (2013) . The index is named H6 A in Nantais et al., while we opt to name it after the name of the Balmer line it is measuring.
The red bandpass of the original definition of the D4000 index (Gorgas et al. 1999 ) is in our spectra severely affected by the sky subtraction errors. We have therefore defined a shorter red bandpass in order to be able to measure the equivalent of the D4000 index. We call this index D4000 short and define it as The definition ensures that on average D4000 short = D4000. The factor (200/75) reflects the difference in the length of the two passbands in the definition, as the original D4000 index has identical length passbands. Figure 21a shows the two indices versus each other for our sample of member galaxies in Perseus, A194, MS0451-0305, RXJ0152.7-1357, and RXJ1226.9+3332. The figure also shows the indices determined from the model SEDs from Maraston & Strömbäck (2011) . The rms scatter of the data points relative to the one-to-one relation is 0.046. In Jørgensen & Chiboucas we estimated that the measurement uncertainty on D4000 for our z = 0.5 and z = 0.9 data is 0.051 and 0.033, respectively. Thus, the internal scatter of the relation between D4000 and D4000 short is insignificant, and we will assume that D4000 short has a similar uncertainty as that of D4000. Our data for RXJ0848.6+4453 do not allow us to stack the frames in subsets for the full data set in order to derive better estimate uncertainties on the spectroscopic parameters. However, in the wavelength region 3750Å to 4100Å the median S/N of the data is similar to that of our spectra for MS0451.6-0305 (Jørgensen & Chiboucas 2013) . We therefore adopt the uncertainties for CN3883, log CaHK and D4000 from that paper ( Table 19 in that paper). The values are 0.035, 0.060 and 0.051 for CN3883, log CaHK and D4000, respectively. The uncertainty on Hζ A depends too strongly on the strength of the index to be adequately represented by one value. Thus, we show individual error bars on figures using this index, except for the low redshift sample for which we for clarity show the median uncertainty. The low redshift sample spectra have fairly low S/N in the wavelength region of Hζ. That combined with the weak strength of the line for these galaxies leads to a high relative uncertainty, typically 0.26 on log Hζ A . The line indices have been aperture corrected and corrected for velocity dispersion as described in Jørgensen et al. (2005) , see Jørgensen & Chiboucas (2013) for a discussion of the method applied to intermediate redshift galaxies. As for the lower order Balmer lines, we assume that Hζ A has no aperture correction.
As Hζ A is the only Balmer line index measurable from our RXJ0848.6+4453 data, we have used the data for the three z < 1 clusters as well as model SEDs from Maraston & Strömbäck (2011) to evaluate to what extent this index is suitable for estimating ages. In Figure 21b we show the indices for the high order Balmer lines versus each other for the low redshift sample and three z < 1 clusters. Model predictions based on the model SEDs from Maraston & Strömbäck are overplotted. Hζ A is useful as an indicator of very young stellar populations, ages of 2 Gyr or less. The ages of the older stellar populations are difficult to measure using Hζ A due to the uncertainties affecting our data.
The mix of the three template stars in our best fit models from the kinematics fitting as expected correlate with the Hζ A and CaHK indices in the sense that the B8V fraction in the best fit model increases with increasing Hζ A , while the sum of the G1V and K0III fractions increases with increasing CaHK. However, because stellar population models already exist to assist the interpretation of the index strengths and no such modeling exist for the template stars, we will use only the indices in our analysis of the data.
For galaxies with detectable emission from [O II] we determined the equivalent width as well as the (relative) flux of the [O II]λλ3726,3729 doublet. With an instrumental resolution of σ ≈ 3 Å (FWHM ≈ 7 Å), the doublet is not resolved in our spectra and we refer to it simply as the "[O II] line". Tables 11 and 12 list the results from the template fitting and the derived line strengths.
PRESENTATION OF THE IMAGING AND SPECTRA FOR RXJ0848.6+4453
The spectra as well as stamp-sized images of the galaxies from the HST/ACS imaging of the cluster members are shown in Figure 22 . The stamps cover the equivalent of 75 kpc × 75 kpc at the distance of the cluster. The spectra used to create Figure  22 are available in the online journal. Figure 22 . Spectra and grey scale images of the galaxies that are considered members of RXJ0848.6+4453. On the spectra, black lines show the galaxy spectra, green lines show the random noise multiplied with two. At the strong sky lines, the random noise underestimates the real noise due to systematic errors in the sky subtraction. Some of the absorption lines are marked. The location of the emission line [O II], is also marked, though emission is only present in some of the galaxies. The spectra shown in this figure have been processed as described in the text, including resampling to just better than critical sampling. The grey scale images are made from the HST/ACS images of the RXJ0848.6+4453 sample in the F850LP filter. Each image is 9 arcsec × 9 arcsec. At the distance of RXJ0848.6+4453 this corresponds to 75 kpc × 75 kpc for our adopted cosmology. North is up, East to the left.
